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(54) Heating apparatus with a burner and heat exchanger coupled to each other 



(57) The present invention is directed to a heating 
apparatus having a burner (200) and a heat exchanger 
(50) coupled to each other. The burner (200) includes a 
single piece integral cylindrical casing in which a burning 
mechanism (220), a motor fan (30) and a fuel supply pipe 
(26) are contained. A first cylindrical member (41) is dis- 
posed within the cylindrical burner casing (210), and 
couples the burning mechanism (220), the motor fan (30) 
and the fuel supply pipe (26) to one another. The heat 
exchanger (50) is formed by double cup-shaped mem- 
bers (52a, d), and defines a first path for a heat medium 
and a second path for combustion gas of the burner 
(200). The heat exchanger (50) is provided with a heat 
medium inlet port (60) linked to the first path, a heat 



medium outlet port (70) also linked to the first path, and 
a combustion gas outlet port (20) linked to the second 
path. A second cylindrical member (42) surrounds the 
burning mechanism and is releasably secured to the first 
cylindrical member (41 ) at one of its axial ends. The other 
axial end of the second cylindrical member (42) is in fit- 
ting contact with one axial end portion of a third cylindri- 
cal member (27) which is disposed within the heat 
exchanger (50). One axial end of the third cylindrical 
member (27) is connected to one end of the heat 
exchanger (50). One end of the heat exchanger (50) is 
releasably secured to one end of the single integral cylin- 
drical casing. 
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Description 

BACKGROUND OF THE INVENTION 

Field of The Invention 

The present invention relates to a heating appara- 
tus, and more particularly, to a heating apparatus having 
a burner and a heat exchange which are coupled to each 
other. 

Description of The Prior Art 

Heating apparatuses which have a burner and a 
heat exchanger coupled to each other are well known in 
the art. For example, Japanese Patent Application Pub- 
lication No. 7-103413 discloses such a conventional 
heating apparatus. 

Figure 1 illustrates the above-mentioned conven- 
tional heating apparatus 100. In Figure 1, for purposes 
of explanation only, the left side of the figure will be ref- 
erenced as the forward end or front of heating apparatus 
1 00, and the right side of the figure will be referenced as 
the rearward end or rear of heating apparatus 100. 

With reference to Figure 1 , the conventional heating 
apparatus 100 includes a burner 200' and heat 
exchanger 50. Burner 200' comprises a burning mecha- 
nism 220, a fan motor 30 associated with the burning 
mechanism 220, and cylindrical casing 210' housing the 
burning mechanism 220 and the fan motor 30 therein. 
Cylindrical casing 21 0' comprises a separate first casing 
portion 21 1 and second casing portion 212 to the rear of 
first casing portion 211. First and second casing portions 
21 1 and 212 respectively house fan motor 30 and burn- 
ing mechanism 220. 

First and second casing portions 21 1 and 212 are 
joined to each other at their rear end and front ends, 
respectively, in a fashion of faucet joint. Casing portions 
21 1 and 21 2 are firmly and releasably connected to each 
other by, for example, a plurality of screws 240 through 
a corresponding pair of L-shaped plates 241 and 242 
which respectively are fixedly connected to a rear end 
region of first casing portion 21 1 and a front end region 
of second casing portion 212. When the first and second 
casing portions 211 and 212 are connected to each 
other, they are arranged such that their longitudinal axes 
are aligned with each other. Furthermore, circular open- 
ings 241a and 242a having female screw threads are 
formed in L-shaped plates 241 and 242 for receiving a 
shaft portion of screws 240 having a male screw thread. 

First cylindrical member 21 is disposed in a front 
section of an inner hollow space of second casing portion 
212. First cylindrical member 21 comprises a large diam- 
eter region 21a, a small diameter region 21b to the rear 
of large diameter region 21a, first annular planar region 
21c which connects large diameter region 21a to small 
diameter region 21b, and second annular planar region 
21 d which extends radially inwardly from an inner periph- 
ery of a rear end of small diameter region 21b. An inner 



terminal end of second annular planar region 21d is 
located at a position which is about one-third of a diam- 
eter of small diameter region 21b, so that circular open- 
ing 21 e is centrally defined within second annular planar 

5 region 21d of first cylindrical member 21 . An outer diam- 
eter of large diameter region 21 a is designed to be about 
equal to an inner diameter of second casing portion 21 2. 
First and second annular planar regions 2 1 c and 2 1 d are 
arranged to be parallel to a plane perpendicular to the 

10 longitudinal axis of first cylindrical member 21. As illus- 
trated in Figure 2, a plurality of indents 21 fare formed at 
second annular planar region 21 d of first cylindrical 
member 21 so as to receive a head portion of the corre- 
sponding later-mentioned flush screws 22. 

is Second cylindrical member 23 is disposed within the 
circular opening 21 e of first cylindrical member 21. Sec- 
ond cylindrical member 23 includes a flange portion 23a 
which extends radially outwardly from a periphery of a 
front end of second cylindrical member 23. As illustrated 

20 in Figure 2, a front end section of indents 2 1 f are received 
in the corresponding circular hoi es 23b which are formed 
at the flange portion 23a of second cylindrical member 
23, go that flange portion 23a of second cylindrical mem- 
ber 23 is disposed on a front end surface of second annu- 
ls lar planar region 2 1 d of first cylindrical member 2 1 . 

With reference to Figure 2 in addition to Figure 1, 
fan motor 30 is disposed within first casing portion 21 1 
at a position which is in front of first cylindrical member 
21. Fan motor 30 is fixedly secured to second annular 

30 planar region 21d of first cylindrical member 21 at its rear 
end by, for example, a plurality of flush screws 22. A shaft 
portion of flush screw 22 penetrates through a hole 21 g 
which is formed at a bottom end of indent 21f, and the 
head portion of flush screw 22 is received within indent 

35 2lf. The shaft portion of flush screws 22 further pene- 
trate through the corresponding collars 24 which are dis- 
posed between a housing 31 of fan motor 30 and the 
flange portion 23a of second cylindrical member 23. 
Each collar 24 includes a truncated cone portion 24a 

40 formed at its rear end. The truncated cone portion 24a 
of each collar 24 faces a rear end surface of the flange 
portion 23a of second cylindrical member 23. 

A front end section of the shaft portion of each flush 
screw 22 is screwed into the housing 31 of fan motor 30, 

45 so that each collar 24 is firmly disposed between the 
housing 31 of fan motor 30 and the flange portion 23a of 
second cylindrical member 23. AS a result, fan motor 30 
is firmly secured to the second annular planar region 21 d 
of first cylindrical member 21 through collars 24 and 

so flange portion 23a of second cylindrical member 23. 

Front and rear ends of drive shaft 32 of fan motor 30 
respectively extend forwardly and rearwardly from the 
housing 31 of fan motor 30. First fan 33 is firmly secured 
to a front end portion of drive shaft 32 by means of an 

55 appropriate securing manner, so that first fan 33 rotates 
together with the drive shaft 32 during operation of the 
heating apparatus 100. Second fan 34 is firmly secured 
to the rear end of drive shaft 31 by, for example, bolt 34a, 
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so that second fan 34 also rotates together with the drive 
shaft 32 during operation of the heating apparatus 100. 

Cup-shaped member 25 is firmly mounted about the 
rear end portion of drive shaft 32 at a position between 
the second fan 34 and a rear end of the second cylindri- 
cal member 23. Accordingly, cup-shaped member 25 
rotates together with the drive shaft 32 during operation 
of the heating apparatus 100. An annular side wall 25a 
of cup-shaped member 25 surrounds a rear end portion 
of second cylindrical member 23 with creating a radial 
air gap therebetween. Furthermore, cup-shaped mem- 
ber 25 is slightly broadened forwardly. 

Fuel supply pipe 26 is disposed within casing 210', 
and is arranged to generally extend along first and sec- 
ond cylindrical members 21 and 23. As illustrated in Fig- 
ure 2 , one end of fuel supply pipe 26 slightly projects from 
the rear end of second cylindrical member 23, but is 
located at a position forward of a bottom end 25b of cup- 
shaped member 25. The one end of fuel supply pipe 26 
is bent in generally a right angle to form an nozzle 26a. 
Nozzle 26a of fuel supply pipe 26 is arranged to be situ- 
ated in a zone which is defined below. 

With reference to Figure 3, on a plane perpendicular 
to the longitudinal axis of drive shaft 32 of fan motor 30, 
axes "Y" and "X" are defined as follows. Axis "Y" is 
located on a first line which connects the longitudinal axis 
of drive shaft 32 of fan motor 30 and a center of a base 
of nozzle 26a. Axis "X" is located on a second line which 
intersects with axis "Y" at the center of the base of nozzle 
26a at a right angle. Upon a definition of axes "X" and 
"Y", nozzle 26a is arranged such that the longitudinal 
axis of nozzle 26a is situated in a first quadrant of axes 
"X" and "Y" while the rotational direction of drive shaft 32 
of fan motor 30 is clockwise as indicated by arrow "A". 
Preferably, nozzle 26a is arranged, such that an angle 
created between the longitudinal axis of nozzle 26a and 
axis "Y" is 30°. 

Fuel supply pipe 26 is radially spaced from drive 
shaft 32 of fan motor 30 and the side wall 25a of cup- 
shaped member 25 so that i nterf er ence between the fuel 
supply pipe 26, and the drive shaft 32 of fan motor 30 
and the cup-shaped member 25 is prevented during rota- 
tion of the drive shaft 32 of fan motor 30. As illustrated 
in Figure 2, fuel supply pipe 26 is secured to a front end 
surface of flange portion 23a of second cylindrical mem- 
ber 23 by, for example, caulking, so that caulked portion 
23c is formed at the front end surface of flange portion 
23a. The other end of fuel supply pipe 26 is fixedly con- 
nected to coupling element 26b which is used for con- 
necting the fuel supply pipe 26 to an external fuel supply 
pipe (not shown) which is connected to a fuel tank (not 
shown). As illustrated in Figure 4, the coupling element 
26b is received in semicircular opening 21 la formed at 
a rear end of first casing portion 211 and semicircular 
opening 2 1 2e formed at a front end of second casing por- 
tion 212, so that coupling element 26a is secured to cas- 
ing 210. 

Third cylindrical member 27 includes a large diam- 
eter section 27a formed at a front end thereof and a 



flange section 27b formed at a rear end thereof. The 
large diameter section 27a of third cylindrical member 
27 is disposed on an outer surface of the small diameter 
region 2 1 b or first cylindrical member 21 . The large diam- 

5 eter section 27a of third cylindrical member 27 and the 
small diameter region 21b of first cylindrical member 21 
are firmly and releasably attached to each other by, for 
example, a plurality of screws 27c. Accordingly, first 
cylindrical member 21 and third cylindrical member 27 

io are firmly and releasably secured to each other. The 
flange section 27b extends radially inwardly from a 
periphery of a rear end of third cylindrical member 27, 
So that circular opening 27d is defined within flange sec- 
tion 27b. The flange section 27b is arranged to be parallel 

15 to a plane perpendicular to the longitudinal axis of third 
cylindrical member 27. 

Thus, the burning mechanism 220 is substantially 
constructed by first through third cylindrical members 21 , 
23 and 27, cup-shaped member 25, second fan 34, and 

20 fuel supply pipe 26. 

The second casing portion 212 includes a rear end 
plate section 21 2a formed at a rear end thereof. The rear 
end plate section 212a is arranged to be parallel to a 
plane perpendicular to the longitudinal axis of second 

25 casing portion 212. The rear end plate section 212a 
includes a cylindrical region 212b with a diameter 
designed to be slightly greater than that of third cylindri- 
cal member 27. Cylindrical region 21 2b is arranged, such 
that a longitudinal axis thereof is located on the longitu- 

30 dinal axis of second casing portion 212. Circular opening 
212c with a diameter slightly smaller than that of the 
opening 27d of third cylindrical member 27 is centrally 
formed at the rear end plate section 212a. Furthermore, 
a part of second casing portion 21 2 adjacent to the rear 

35 end plate section 21 2a is gradually narrowed. 

Annular member 28 having a L-shaped cross sec- 
tion is fittingly disposed on an outer surface of a corner 
27e which is formed at a time when the flange section 
27b is formed. Annular member 28 and third cylindrical 

40 member 27 are fixedly attached to each other at their 
mating surfaces by, for example, spot welding. An inner 
diameter of annular member 28 is designed to be slightly 
smaller than that of the circular opening 27d of third cylin- 
drical member 27, but to be slightly greater than that of 

45 the circular opening 212c of second casing portion 212. 
Annular member 28 is also fittingly disposed on an 
inner surface of a corner 212d which is formed at a time 
when the cylindrical region 212b is formed. Accordingly, 
third cylindrical member 27 is fittingly disposed on the 

so inner surface of the corner 21 2d of second casing portion 
212 through annular member 28. 

Fourth cylindrical member 40 is located at a position 
which is to the rear of third cylindrical member 27. Fourth 
cylindrical member 40 includes a flange 40a which is 

55 formed by bending a front end portion of fourth cylindrical 
member 40 radially inwardly at right angle. A diameter 
of fourth cylindrical member 40 is designed to be about 
equal to that of the cylindrical region 2 1 2b of second cas- 
ing portion 21 2. An inner diameter of flange 40a of fourth 
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cylindrical member 40 is designed to be slightly greater 
than that of circular opening 212c of the rear end plate 
section 212a of second casing portion 212. The flange 
40a of fourth cylindrical member 40 is disposed on a rear 
end surface of the rear end plate section 21 2a of second s 
casing portion 212. Fourth cylindrical member 40 and 
second casing portion 212 are fixedly attached to each 
other at their mating surfaces by, for example, spot weld- 
ing. When fourth cylindrical member 40 is fixedly 
attached to second casing portion 21 2, fourth cylindrical w 
member 40 is arranged such that the longitudinal axis 
thereof is located on the longitudinal axis of second cas- 
ing portion 212. 

First casing portion 211 includes a front end plate 
section 21 1b formed at a front end thereof. The front end is 
plate section 21 1 b is located at a position adjacent to first 
fan 33 so as to cover first fan 33. Accordingly, an inter- 
ference between the first fan 33 and objects from outside 
of the heating apparatus 100 is effectively prevented. Cir- 
cular opening 21 1 c is centrally formed in the front end 20 
plate section 21 1b of first casing portion 211 so as to 
provide communication between the outside and the 
inside of casing 210'. 

Heat exchanger 50 includes an outer annular cylin- 
drical member 51 and an inner annular cylindrical mem- 25 
ber 52 spaced radially inward from the outer annular 
cylindrical member 51. An outer diameter of the inner 
annular cylindrical member 52 is designed to be smaller 
than an inner diameter of the outer annular cylindrical 
member 51 . An axial length of the inner annular cylindri- 30 
cal member 52 is designed to be slightly smaller than 
that of the outer annular cylindrical member 51 . First cir- 
cular plate member 53 is fixedly disposed at a rear end 
of the outer annular cylindrical member 51 . Second cir- 
cular plate member 54 is fixedly disposed at a rear end 35 
of the inner annular cylindrical member 52. The inner 
annular cylindrical member 52 includes a plurality of pro- 
jections 52a which project radially inwardly from an inner 
peripheral surface of inner annular cylindrical member 
52 as illustrated in Figure 7. A plurality of axial passages 40 
52b are defined between the adjacent projections 52a. 

Heat exchanger 50 further includes an annular plate 
member 55 which bridges between a front end portion 
of the outer annular cylindrical member 51 and a front 
end of the inner annular cylindrical member 52. An inner 45 
peripheral portion of the annular plate member 55 is fix- 
edly received on a front outer surface of the inner annular 
cylindrical member 52, and an outer peripheral portion 
of the annular plate member 55 is fixedly received on an 
inner surface ol the front end portion of the outer annular so 
cylindrical member 51 . Thus, annular hollow space 56 is 
defined by the outer and inner annular cylindrical mem- 
bers 51 and 52 and the annular plate member 55. Fur- 
thermore, when annular plate member 55 fixedly bridges 
between the outer and inner annular cylindrical members ss 
51 and 52, cylindrical hollow space 57 is defined 
between the first and second circular plate members 53 
and 54. 



The inner annular cylindrical member 52 of heat 
exchanger 50 is firmly and releasably secured to the rear 
end plate section 212a of second casing portion 212 by, 
for example, a plurality of screws 58. In this securing 
manner, a shaft portion of screws 58 are engaged with 
the corresponding female screw portions 52c, which are 
formed at an inner peripheral surface of the inner annular 
circular member 52 as illustrated in Figure 7. When the 
inner annular cylindrical member 52 is secured to the 
second casing portion 212, fourth cylindrical member 40 
is disposed within an inner hollow space of the inner 
annular cylindrical member 52 of heat exchanger 50. 

Heat exchanger 50 is provided with a heat medium 
inlet port 60 which is centrally formed at first circular plate 
member 53, and a heat medium outlet port 70 which is 
formed at a front portion of the outer annular cylindrical 
member 51 . Combustion gas outlet port 80 is formed at 
the front portion of the inner annular cylindrical member 
52, and penetrates through the outer annular cylindrical 
member 51. Furthermore, the heat medium outlet port 
70 and the combustion gas outlet port 80 are angularly 
offset from each other by about 180° with respect to the 
longitudinal axis of heat exchanger 50. 

Heating apparatus 100 described above is assem- 
bled as follows. First, a sub-assembly "B'" is prepared in 
a separate subassembling line in accordance with the 
following sequential steps (a>(g*). 

(a 1 ) First and second cylindrical members 21 and 23 
are temporarily assembled to each other by dispos- 
ing flange portion 23a of second cylindrical member 
23 on second annular planar region 21 d of first cylin- 
drical member 2 1 and maintained so that indents 21 f 
of first cylindrical member 2 1 are received in the cor- 
responding circular holes 23b of flange portion 23a 
of second cylindrical member 23. 
(b*) Fuel supply pipe 26 is secured to flange portion 
23a of second cylindrical member 23 by caulking 
and maintained so that nozzle 26a of fuel supply 
pipe 26 penetrates through second cylindrical mem- 
ber 23, and the coupling element 26a to which one 
end of the fuel supply pipe 26 is fixedly connected 
is received within semicircular cut-out portion 21 h 
which is formed at one peripheral portion of the front 
end of first cylindrical member 21 . 
(c') Fan motor 30 is firmly secured to first cylindrical 
member 21 by screws 22 together with second cylin- 
drical member 23. 

(d') First fan 33 is firmly secured to the front end por- 
tion of drive shaft 32 of fan motor 30. 
(e') Cup-shaped meter 25 is firmly counted about the 
rear end portion of drive shaft 32 of fan motor 30. 
(f) Second fan 34 is firmly secured to the rear end 
of drive shaft 32 of fan motor 30 by bolt 34a. 
(g') First cylindrical member 21 is firmly and releas- 
ably secured to third cylindrical member 27 by 
screws 27c. Thus, the sub-assembly "B m is pre- 
pared. 
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Now, heating apparatus 1 00 is assembled in accord- 
ance with the following sequential steps (1>(3'). 

(V) The rear end plate section 21 2a of second cas- 
ing portion 212 is firmly and releasably secured to 
the front end of the inner annular circular member 
52 of heat exchanger 50 by screws 58 and main- 
tained while fourth cylindrical member 40 fixedly 
connected to the rear end plate section 21 2a of sec- 
ond casing portion 212 and thus is disposed within 
the inner hollow space of the inner annular cylindri- 
cal member 52 of heat exchanger 50, which has 
been already assembled. 

(2*) The sub-assembly "B m is inserted into second 
casing portion 212 and maintained while the corner 
27e of third cylindrical member 27 is fittingly dis- 
posed on the inner surface of the corner 21 2d of sec- 
ond caring portion 212 through annular member 28. 
(3*) First and second casing portions 211 and 212 
are firmly and releasably connected to each other 
by screws 240 through the corresponding pair of L- 
shaped plates 241 and 242 so that an outer surface 
of large diameter region 21 a of first cylindrical mem- 
ber 21 is in fitting contact with an inner surface of 
second casing portion 212, and the coupling ele- 
ment 26b is fittingly received in semicircular opening 
211a of first casing portion 211 and semicircular 
opening 21 2e of second casing portion 212. 

Thus, a process of assembling the heating appara- 
tus 100 is completed. 

Furthermore, when first and second casing portions 
21 1 and 212 are firmly and releasably connected to each 
other, fan motor 30 is arranged, such that a longitudinal 
axis of drive shaft 32 of fan motor 30 is located on the 
longitudinal axis of first casing portion 21 1 . 

In operation of heating apparatus 100, air is intro- 
duced into chamber 250, which is defined by first casing 
portion 21 1 and first cylindrical member 21 , from outside 
of casing 210' through circular opening 21 1c of the front 
end plate section 21 1b of first casing portion 21 1 by vir- 
tue of the rotation of first fan 33. The air introduced into 
the chamber 250 moves to chamber 260, which is 
defined by second casing portion 212, first cylindrical 
member 21 and third cylindrical member 27, through a 
plurality of holes 21 i formed at first annular plane region 
21 e of first cylindrical member 21 . The air in chamber 
260 further moves to an inner hollow space of third cylin- 
drical member 27 through a plurality of circular holes 27f 
formed at a side wall of third cylindrical member 27. The 
air in the inner hollow space of third cylindrical member 
27 is consumed for burning the fuel which is conducted 
into the inner hollow space of third cylindrical member 
27 in a manner described below 

A liquid fuel, such as kerosene in the fuel tank (not 
shown) is pumped up by a fuel pump (not shown), and 
is conducted to fuel supply pipe 26 via the external fuel 
supply pipe (not shown) and coupling element 26b. The 
fuel conducted to fuel supply pipe 26 is ejected from noz- 
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zle 26a, and collides with an inner surface of the side 
wall 25a of cup-shaped member 25 which is rotating 
together with the drive shaft 32 of fan motor 30. As a 
result, a film of fuel having an even thin thickness is 

5 formed at the inner surface of the side wall 25a of the 
cup-shaped member 25. Nozzle 26a is arranged, such 
that the longitudinal axis of nozzle 26a is situated in a 
first quadrant of axes M X" and "Y" while the rotational 
direction of drive shaft 32 of fan motor 30 is clockwise as 

10 indicated by arrow "A" in Figure 3. The even thin film of 
fuel thus is effectively formed at the inner surface of the 
side wall of the cup-shaped member 25. The thin film of 
fuel is gradually moved forwardly, and then is separated 
from the side wall 25a of the cup-shaped member 25 due 

is the centrifugal force acting on the cup-shaped member 
25. When the film of fuel is separated from the cup- 
shaped member 25, the fuel scatters into a large number 
of small droplets in the hollow space of third cylindrical 
member 27. The small droplets of the fuel are sufficiently 

20 suspended in the air in the inner hollow space of third 
cylindrical member 27 by virtue of the rotation of second 
fan 34. Then, the fuel begins to burn in the inner hollow 
space of third cylindrical member 27 by virtue of opera- 
tion of an igniter (not shown). 

25 As indicated by single-dot-dash lines in Figure 1 , the 
combustion gas produced by burning the fuel moves into 
an inner hollow space of fourth cylindrical member 40. 
The combustion gas in the inner hollow space of fourth 
cylindrical member 40 further moves into the axial pas- 

30 sages 52b defined between the adjacent projections 52a 
of the inner annular cylindrical member 52 of heat 
exchanger 50, and then moves forwardly. 

On the other hand, as indicated by double-dot-dash 
lines in Figure 1 , the heat medium is conducted into cylin- 

35 drical hollow space 57, which is defined between the first 
and second circular plate members 53 and 54, through 
the heal medium inlet port 60, and moves radially out- 
wardly. Then, the heat medium moves into the annular 
hollow space 56, which is defined by the outer and inner 

40 annular cylindrical members 51 and 52 and the annular 
plate member 55. The heat medium moved into the 
annular hollow space 56 then moves forwardly, being 
guided by a helical groove 52d, which is formed at an 
outer surface of the inner annular cylindrical member 52, 

45 so as to conduct the heat medium helically along the 
outer surface of the inner annular cylindrical member 52. 

When the combustion gas moves through the axial 
passages 52b forwardly while the heat medium moves 
through the annular hollow space 56 forwardly, a heat 

so exchange is carried out between the combustion gas and 
the heat medium through the inner annular cylindrical 
member 52 so as to heat the heat medium. The heated 
heat medium at a front end portion of the annular hollow 
space 56 is conducted to an external heating device (not 

55 shown) via the heat medium outlet port 70 At the external 
heating device, heat of the heat medium is radiated to 
warm a space in which the heating device is disposed. 
The combustion gas moved to a front end portion of axial 
passages 52b moves circumferential ly, and is conducted 
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to the outside of the heating apparatus 100 via the com- 
bustion gas outlet port 80. 

In general, soot is formed at an inner peripheral sur- 
face of third cylindrical member 27 due to an unexpected 
abnormal operation of the burning mechanism 220. The 5 
formation of deep soot at the inner peripheral surface of 
third cylindrical member 27 causes an increase in flow 
resistance of the combustion gas f lowing through third 
cylindrical member 27, so that a performance of the 
burning mechanism 220 is decreased. As a result, a per- 10 
formance of the heating apparatus 1 00 functioning as a 
heat source of an air conditioning system is also 
decreased. 

Therefore, it is required to remove the soot from the 
inner peripheral surface of third cylindrical member 27 is 
as occasion demands. In order to carry out removal of 
soot from third cylindrical member 27, the heating appa- 
ratus 100 is partially disassembled in a manner 
described in below. 

A process of partially disassembling the heating 20 
apparatus 1 00 is carried out by performing steps (g') , (2 1 ) 
and (3') in the assembling process of the heat exchanger 
100 in reverse. That is, the process of partially disassem- 
bling the heating apparatus 100 is carried out in accord- 
ance with the following sequential steps (101)-(103). 25 

(101) First casing portion 21 1 is released from sec- 
ond casing portion 212 after taking screws 240 off 
from the corresponding pair of L-shaped plates 241 
and 242. 30 

(102) The sub-assembly "B"\ is taken out from the 
second casing portion 212. 

(103) Third cylindrical member 27 is released from 
first cylindrical member 21 after taking screws 27c 

off. 35 

After completion of step (103), removal of the soot 
from the inner peripheral surface of third cylindrical mem- 
ber 27 is easily carried out because the third cylindrical 
member 27 is handled separately. Simultaneously, the 40 
other component parts of the burning mechanism 220, 
such as second fan 34 can be checked. 

After this treatment, the heating apparatus 100 is 
reassembled by carrying out steps (1 01 )-(1 03) in the par- 
tial disassembling process of the heat exchanger 1 00 in 45 
reverse. That is, the process of reassembling the heating 
apparatus 100 is carried out in accordance with the fol- 
lowing sequential steps (g') (2') and (3*). 

(g') First cylindrical member 21 is firmly and releas- so 
ably secured to third cylindrical member 27 by 
screws 27c. 

(2*) The sub-assembly m B' n is inserted into second 
casing portion 212 and maintained while the corner 
27e of third cylindrical member 27 is fittingly dis- 55 
posed on the inner surface of the corner 21 2d of sec- 
ond casing portion 21 2 through annular member 28. 
(3') First and second casing portions 211 and 212 
are firmly and releasably connected to each other 



by screws 240 through the corresponding pair of L- 
shaped plates 241 and 242 so that the outer surface 
of large diameter region 21 a of first cylindrical mem- 
ber 21 is in fitting contact with the inner surface of 
second casing portion 212, and the coupling ele- 
ment 26b is fittingly received in semicircular opening 
211a of first casing portion 211 and semicircular 
opening 212e of second casing portion 212. 

In the above-mentioned conventional heating appa- 
ratus 100, the following disadvantages may occur. First, 
since casing 210' of burner 200' is formed by two sepa- 
rate portions 21 1 and 21 2 having about the same dimen- 
sions, strain caused by forces acting on the casing 210' 
is concentrated upon a location at which the first and sec- 
ond casing portions 21 1 and 212 are connected to each 
other. Accordingly, when the heating apparatus 100 is 
used in a situation where heating apparatus 100 fre- 
quently receives periodic vibrations, for example, when 
the heating apparatus 100 is used for a heat source of 
an automotive air conditioning system, and is required 
to be installed in an automobile engine compartment, the 
frequent periodical vibrations propagating from the auto- 
mobile engine compartment cause the concentrated 
strain on the casing 210' at the location at which the first 
and second casing portions 21 1 and 212 are connected 
to each other. Therefore, overthe course of time, thecon- 
nection between thef irst and second casing portions 21 1 
and 21 2 may be loosened so that defective gaps may be 
created between the rear end region of first casing por- 
tion 21 1 and the front end region of second casing por- 
tion 212. Accordingly, if fuel defectively leaks from the 
burning mechanism 220 in an ignition stage, the leaked 
fuel from the burning mechanism 220 may be further 
leaked to outside of the heating apparatus 100 through 
the above-mentioned defective gaps. 

Secondly, when the heating apparatus 100 is reas- 
sembled after the completion of maintenance of the 
burning mechanism 220, the nozzle 26a of fuel supply 
pipe 26 may not be properly rearranged. Specifically, 
during a process of reassembling the heating apparatus 
1 00, it is required to adjust a circumferential position of 
first cylindrical member 21 relative to the second casing 
portion 212. According to this adjustment, a circumfer- 
ential position of the coupling element 26b, which is 
received within semicircular cut-out portion 21 h of first 
cylindrical member 21 , relative to the semicircular open- 
ing 21 2e of second casing portion 212 is also adjusted. 
This adjusting manner causes an unnecessary circum- 
ferential movement of connecting member 26b together 
with the other end of fuel supply pipe 26 opposite to noz- 
zle 26a. As a result, when the process of reassembling 
the heating apparatus 100 is completed, nozzle 26a of 
the fuel supply pipe 26 may be erroneously situated in a 
second or fourth quadrant of axes "X" and "Y" while the 
rotational direction of drive shaft 32 of fan motor 30 is 
clockwise as indicated by arrow "A" in Figure 3. This 
improper situation of nozzle 26a of the fuel supply pipe 
26 causes defective film formation of the fuel along the 
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inner surface of the side wall 25a of cup-shaped member 
25, such as a formation of the fuel film having uneven 
thickness. Accordingly, the fuel may not be effectively 
burnt in the inner hollow space of third cylindrical mem- 
ber 27, so that the performance of the heating apparatus 5 
1 00 functioning as the heat source of an air conditioning 
system is decreased. 

Lastly, because that the helical groove 52d insuffi- 
ciently guides the heat medium, the heat medium flows 
from the heat medium inlet port 60 to the heat medium 10 
outlet port 70 via various flow paths having various dis- 
tances. The distance of the heat medium flow path from 
the inlet port 60 to the outlet port 70 varies between the 
maximum and minimum values which are defined below. 

The minimum distance of the heat medium flow path 15 
is measured when the heat medium flows through cylin- 
drical hollow space 57 upwardly and then flows through 
the annular hollow space 56 forwardly to the outlet port 
70. On the other hand, the maximum distance of the heat 
medium flow path is measured when the heat medium 20 
flows through cylindrical hollow space 57 downwardly 
and then flows through the annular hollow space 56 for- 
wardly, and finally flows circumferential ly around a front 
end portion of annular hollow space 56 to the outlet port 
70. 25 

Accordingly, when the heat medium flows from the 
Inlet port 60 to the outlet port 70, the heat medium flow 
paths having various flow resistances are created. The 
minimum flow resistance is generated when the heat 
medium flows along the path having the minimum dis- 30 
tance, and the maximum flow resistance is generated 
when the heat medium flows along the path having the 
maximum distance. As a result, when the heat medium 
flows through cylindrical hollow space 57 and annular 
hollow space 56, an uneven distribution of flow rate of 35 
the heat medium is generated. Therefore, the heat 
exchange between the heat medium and the combustion 
gas through the inner annular cylindrical member 52 is 
not effectively carried out, so that the performance of the 
heating apparatus 1 00 functioning as the heat source of 40 
the air conditioning system is decreased. 

SUMMARY QF THE INVENTION 

Accordingly, it is on object of the present invention 45 
to provide a heating apparatus in which fuel leakage to 
an outside of the heating apparatus can be effectively 
prevented. 

It is another object of the present invention to provide 
a heating apparatus which can effectively perfonri as a so 
heat source of an air conditioning system. 

In order to achieve the above objects, a heating 
apparatus in accordance with the present invention 
includes a heat exchanger and a burner. The heat 
exchanger comprises a first casing having a first end and 55 
a second end opposite to the first end, a first fluid path 
through which a first heat medium flows, a second flow 
path through which a second heat medium flows, an inlet 
port for conducting thef irst heat medium into the first fluid 
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path from outside of the heating apparatus, a first outlet 
port for conducting the first heat medium to the outside 
of the heating apparatus from the first fluid path, and a 
second outlet port for conducting the second heat 
medium to the outside of the heating apparatus from the 
second fluid path. 

The first fluid path is defined by the first casing and 
a partition member which is disposed within the first cas- 
ing. The second fluid path is defined within the first par- 
tition member, so that the second fluid path is 
substantially surrounded by the first fluid path. 

The burner comprises a second casing having a first 
end and a second end, which is opposite to the first end, 
and faced to the first end of the first casing, a fuel con- 
ducting mechanism for conducting a fuel into an inner 
hollow space of the second casing from the outside of 
the heating apparatus, a moving mechanism for moving 
air in the second casing from the first end to the second 
end, a burning mechanism for burning the fuel so that a 
combustion gas functioning as the second heat medium 
is produced, a coupling mechanism for coupling the fuel 
conducting mechanism, the moving mechanism and the 
burning mechanism to one another, a combustion gas 
conducting mechanism for conducting the combustion 
gas in the second casing to the second fluid path of the 
heat exchanger. 

The second casing is formed by a single integral 
member, and the second end of the second casing is 
releasably secured to the first end of the first casing. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a longitudinal cross sectional view or a 
prior art heating apparatus. 

Figure 2 is an enlarged partial cross sectional view 
of a burning mechanism of a burner shown in Figure 1 . 

Figure 3 is an enlarged cross sectional view taken 
on line Ill-Ill of Figure 1. 

Figure 4 is an exploded partial top plan view of the 
heating apparatus shown in Figure 1. 

Figure 5 is a longitudinal cross sectional view of a 
heating apparatus in accordance with afirst embodiment 
of the present invention. 

Figure 6 is an enlarged exploded perspective view 
of a coupling device or a burner shown in Figure 5. 

Figure 7 is an enlarged cross sectional view taken 
on line VII-VII of Figure 5. 

Figure 8 is a perspective view of an internal compo- 
nent part of the heating apparatus shown in Figure 5. 

Figure 9 is a perspective view of an internal compo- 
nent part of a heating apparatus in accordance with a 
second embodiment of the present invention. 

Figure 10 is an enlarged partial longitudinal cross- 
sectional view of the internal component part shown in 
Figure 9. 

Figure 1 1 is a perspective view of an internal com- 
ponent part of a heating apparatus in accordance with a 
third embodiment of the present invention. 



7 



13 



• 



EP0 690 274 A1 



• 



DETAILED DESCRIPTION OF THE PREFERRED 
EMBQPIMENTS 

Figure 5 illustrates a heating apparatus 10 in accord- 
ance with a first embodiment of the present invention. In 
Figure 5, for purposes of explanation only, the left side 
of the figure will be referenced as the forward end or front 
of heating apparatus 10, and the right side of the figure 
will be referenced as the rearward end or rear of heating 
apparatus 10. Furthermore, identical reference numer- 
als are used to denote elements which are identical to 
the similar numbered elements shown i n the prior art Fig- 
ures 1-4 so that an explanation thereof will be substan- 
tially omitted. 

With reference to Figure 5, the heating apparatus 1 0 
includes a burner 200 and heat exchanger 50. Burner 
200 comprises a burning mechanism 220, a fan motor 
30 associated with the burning mechanism 220, and 
cylindrical casing 210 housing the burning mechanism 
220 and the fan motor 30 therein. 

First connecting member 41 having a cylindrical 
shape is disposed in a rear end portion of casing 210. 
First connecting member 41 includes a larger diameter 
portion 41a, smaller diameter portion 41b to the rear of 
lager diameter portion 41a, a planar portion 41c which 
connects the larger diameter portion 41a to the smaller 
diameter portion 41b, and a corner 41 d which is formed 
at a time when the smaller diameter portion 41b is 
formed. The planar portion 41 c is arranged to be parallel 
to a plane perpendicular to the longitudinal axis or first 
connecting member 41 . As illustrated in Figure 8, the 
smaller diameter portion 41b of first connecting member 
41 is fittingly inserted into a front end portion of fourth 
cylindrical member 40, and is fixedly connected by, for 
example, spot welding. Spot welding is carried out uni- 
formly around an annular portion where the front end 
portion of the fourth cylindrical member 40 overlays with 
the smaller diameter portion 41b of first connecting 
member 41 . Accordingly, a plurality of welded spots 41 e 
are formed at the above-mentioned annular portion with 
circumferentially spacing one another with equiintervals. 

The larger diameter portion 41a of first connecting 
member 41 is fittingly inserted into a rear end portion of 
casing 210, and the first connecting member 41 and cas- 
ing 210 are firmly and releasably secured to each other 
at their mating surfaces by, for example, a plurality of, 
e.g., three screws 43. When the rear end portion of cas- 
ing 210 is connected to the larger diameter portion 41a 
of first connecting member 41 , a rear end of casing 210 
is in contact with a front end of the outer annular cylin- 
drical member 51 of heat exchanger 50. A shaft portion 
of screws 43 engages with the corresponding female 
screw threaded holes 41 f formed at the larger diameter 
portion 41a of first connecting member 41. Preferably, 
holes 41f are circumferentially spaced from one another 
with equiintervals as illustrated in Figure 8. 

Second connecting member 42 having an annular 
shape is disposed between third cylindrical member 27 
and fourth cylindrical member 40. Second connecting 



member 42 includes a cylindrical portion 42a, a first cor- 
ner 42b and a second corner 42c to the rear of first corner 
42b. The first and second corners 42b and 42c are 
formed at a time when the cylindrical portion 42a is 

5 formed. The cylindrical portion 42a is arranged, such that 
the longitudinal axis thereof is located on the longitudinal 
axis of second connecting member 42. The second cor- 
ner 42c of second connecting member 42 is fittingly dis- 
posed on the outer surface of corner 27e of third 

10 cylindrical member 27. Second connecting member 42 
and third cylindrical member 27 are fixedly attached to 
each other at their mating surfaces by, for example, spot 
welding. 

Second connecting member 42 is in fitting contact 

15 with a front end surface of the planar portion 41 c of first 
connecting member 41 , and the first corner 42b of sec- 
ond connecting member 42 is fittingly disposed on the 
outer surface of the corner 41 d of first connecting mem- 
ber 41. Second connecting member 42 is firmly and 

20 releasably secured to a front end of the inner annular 
cylindrical member 52 of heat exchanger 50 through the 
first connecting member 41 by for example, a plurality 
of, e.g., six screws 44. Furthermore, a shaft portion of 
screws 44 are screwed into the corresponding female 

25 screw portions 52c, which are formed at an inner periph- 
eral surface of the front end of the inner annular circular 
member 52 as illustrated in Figure 7. Preferably, female 
screw portions 52c are circumferentially spaced from 
one another with equiintervals. 

30 Accordingly, the front end of fourth cylindrical mem- 
ber 40 is firmly and releasably connected to a front end 
of heat exchanger 50 through first connecting member 
41, and the rear end of third cylindrical member 27 is 
firmly and releasably connected to the front end Of the 

35 fourth cylindrial member 40 through first and second 
connecting members 41 and 42. 

Casing 210 includes a front end plate portion 210a 
formed at a front end thereof. The front end plate portion 
210a is located at a position adjacent to first fan 33 so 

40 as to cover first fan 33. Accordingly, interference between 
the first fan 33 and an object which may intrude from out- 
side of the heating apparatus 10 is effectively prevented. 
Circular opening 21 0b is centrally formed in the front end 
plate portion 210a of casing 210 so as to provide com- 

45 munication between the outside and the inside of casing 
210. 

First cylindrical member 21 is centrally disposed in 
casing 210 in a longitudinal direction. As illustrated in 
Figure 6, first cylindrical member 21 comprises aflat see- 
so tion 21 j formed at an upper peripheral portion of the large 
diameter region 21a thereof. Coupling device 29 for cou- 
pling the fuel supply pipe 26 to an external fuel supply 
pipe (not shown) is associated with first cylindrical mem- 
ber 21 . A manner of coupling the fuel supply pipe 26 to 
55 the external fuel supply pipe is described in detail below. 
With reference to Figure 6 in addition to Figure 5, 
the coupling device 29 comprises a cylindroidal disk 
member 291 and a cylindrical member 292. A hole 291a 
and a pair of holes 291b are axially formed through the 
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disk member 291. The holes 291a and 291b are 
arranged to be aligned with one other in the direction of 
the major axis of disk member 291 . Hole 291 a is located 
at a central portion of the disk member 291 at a location 
between holes 291 b. A diameter of hole 291 a is designed 
to be greater than a diameter of holes 291b. An inner 
peripheral surface of each of holes 291a and 291b is 
threaded to receive a male screw. The pair of holes 291 b 
are prepared for being engaged with a shaft portion of 
the later-mentioned screws 294. As illustrated in Figure 
5, hole 291a includes a smaller diameter portion 291c 
which is formed at a lower end of hole 291a so as to 
receive one end portion of fuel supply pipe 26 opposite 
to nozzle 26a. 

The cylindrical member 292 includes a smaller 
diameter portion 292a formed at a lower portion thereof. 
An outer peripheral surface of smaller diameter portion 
292a of cylindrical member 292 is threaded to a male 
screw. A central hole 292b is formed through cylindrical 
member 292 so as to receive a lower end portion of con- 
necting pipe 293 of which an upper end can be com- 
nected to the external fuel supply pipe (not shown). 

A hole 21k and a pair of holes 21m are formed 
through the flat section 21j of first cylindrical member 21 . 
The holes 21k and 21m are arranged to face and align 
with holes 291a and 291b of disk member 291, respec- 
tively. A diameter of hole 21k is designed to be slightly 
greater than an outer diameter of the smaller diameter 
portion 292a of cylindrical member 292. The pair of holes 
21 m are prepared for receiving the shaft portion of the 
screws 294. 

One end portion of fuel supply pipe 26 opposite to 
nozzle 26a is fittingly received in the smaller diameter 
portion 291c of disk member 291, and fuel supply pipe 
26 and disk member 291 are fixedly connected to each 
other by. for example, brazing. An upper end surface of 
disk member 291 is in contact with a lower end surface 
of the flat section 21 j of first cylindrical member 21 , and 
the disk member 291 and the first cylindrical member 21 
are firmly connected to each other at their mating sur- 
faces by, for example, a pair of screws 294. The lower 
end portion of connecting pipe 293 is fittingly received in 
in upper portion of the central hole 292b of cylindrical 
member 292, and the connecting pipe 293 and cylindri- 
cal member 292 are fixedly connected to each other by, 
for example, brazing. 

The smaller diameter portion 292a of cylindrical 
member 292 penetrates through a hole 21 Oc which is 
formed at a side wall of casing 210 and hole 21k of the 
flat section 21j of first cylindrical member 21, and 
engages with hole 291 a of disk member 291 . As a result, 
disk member 291 and cylindrical member 292 are firmly 
and releasably connected to each other, so that fuel sup- 
ply pipe 26 is linked to the connecting pipe 293 via the 
central hole 291a of disk member 291 and the central 
hole 292b of cylindrical member 292. Furthermore, the 
upper end of the connecting pipe 293 will be connected 
to one end of the external fuel supply pipe (not shown) 
through a flexible tube, such as a rubber tube (not 



shown), when the heating apparatus 10 is installed in a 
heating system (not shown). 

With reference to Figure 7 in addition to Figure 5, 
heat exchanger 50 is provided with a heat medium inlet 

s port 60 which is formed at one peripheral portion of first 
circular plate member 53, and a heat medium outlet port 
70 which is formed at a front portion of the outer annular 
cylindrical member 51 . The heat medium inlet and outlet 
ports 60 and 70 are angularly offset each other by about 

io 180° with respect to the longitudinal axis of the heat 
exchanger 50. Combustion gas outlet port 80 is formed 
at the front portion of the inner annular cylindrical mem- 
ber 52, and penetrates through the outer annular cylin- 
drical member 51. The heat medium outlet port 70 and 

15 the combustion gas outlet port 80 are angularly offset 
each other by about 180° with respect to the longitudinal 
axis of the heat exchanger 50. 

Heating apparatus 10 described above is assem- 
bled in accordance with the following sequential steps 

20 (1)-(4). 

(1) Fourth and third cylindrical members 40 and 27 
are firmly connected to the inner annular cylindrical 
member 52 of heat exchanger 50, which has been 

25 already assembled, by screws 44 through first and 
second connecting members 41 and 42, respec- 
tively. 

(2) First cylindrical member 21 is firmly and releas- 
ably secured to third cylindrical member 27 by 

30 screws 27c such that the large diameter section 27a 
of third cylindrical member 27 is fittingly disposed on 
an outer surface of the small diameter region 21b of 
first cylindrical member 21 . 

35 Before performing the above step (2), a sub-assem- 
bly "B" has been already prepared in a separate sub- 
assembling line in accordance with the following sequen- 
tial steps (a)-(g). 

40 (a) First and second cylindrical members 21 and 23 
are temporarily assembled to each other by dispos- 
ing flange portion 23a of second cylindrical member 
23 on second annular planar region 21d of first cylin- 
drical member 21 and maintained in a position 
45 where indents 21f of first cylindrical member 21 are 
received in the corresponding circular holes 23b of 
flange portion 23a of second cylindrical member 23. 
(b) Fuel supply pipe 26 is secured to flange portion 
23a of second cylindrical member 23 by caulking so 
so that nozzle 26a of fuel supply pipe 26 penetrates 
through second cylindrical member 23, and one end 
portion of fuel supply pipe 26 opposite to nozzle 26a 
is fixedly received in the smaller diameter portion 
291 c of hole 291 a of disk member 291 by brazing. 
55 (c) Diskmember291 and the first cylindrical member 
21 are firmly connected to each other at their mating 
surfaces by screws 294. 

(d) First fan 33 is firmly secured to the front end por- 
tion of drive shaft 32 of fan motor 30. 
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(e) Cup-shaped member 25 is firmly mounted about 
the rear end portion of drive shaft 32 of fan motor 30. 

(f) Second fen 34 is firmly secured to the rear end of 
drive shaft 32 of fan motor 30 by bolt 34a. 

(g) Fan motor 30 is firmly secured to first cylindrical 
member 21 by screws 22 together with second cylin- 
drical member 23. 

Thus, the sub-assembly "B" is prepared. 
Now, a process of assembling the heating apparatus 
10 is continued. 

(3) The rear end portion of casing 210 is firmly and 
releasabty connected to the larger diameter portion 
41a of first connecting member 41 by screws 43 so 
that an outer surface of the larger diameter portion 
41 a of first connecting member 41 is in fitting contact 
with an inner surface of the rear end portion of cas- 
ing 2 1 0. Alternatively, casing 2 1 0 may be firmly and 
releasably connected to the large diameter region 
21a of first cylindrical member 21 at its middle por- 
tion by screws (not shown). Furthermore, when step 

(3) is completed, fan motor 30 is arranged, such that 
a longitudinal axis of drive shaft 32 of fan motor 30 
is located on the longitudinal axis of casing 210. 

(4) Disk member 291 and cylindrical member 292 
are firmly and releasably connected to each other 
by means of engaging their female and male screw 
threads, respectively whereby fuel supply pipe 26 is 
linked to the connecting pipe 293 via the central hole 
291 a of disk member 291 and the hole 292b of cylin- 
drical member 292. 

Thus, the process of assembling the heating appa- 
ratus 10 is completed. 

In operation of heating apparatus 10, air is intro- 
duced into chamber 250, which is defined by casing 210 
and first cylindrical member 21 , from outside of casing 
210 through circular opening 210b of the front end plate 
section 21 0a of caring 21 0 by virtue of the rotation of first 
fan 33. The air introduced into chamber 250 moves to 
chamber 260, which is defined by casing 210, first cylin- 
drical member 21 and third cylindrical member 27, 
through a plurality of holes 21 i formed at first annular pla- 
nar region 21c of first cylindrical member 21. The air in 
chamber 260 further moves to an inner hollow space of 
third cylindrical member 27 through a plurality of circular 
holes 27f formed through a side wall of third cylindrical 
member 27. The air in the inner hollow space of third 
cylindrical member 27 is consumed for burning the fuel 
which is conducted into the inner hollow space of third 
cylindrical member 27 in a manner described below. 

A liquid fuel, such as kerosene in the fuel tank is 
pumped up by a fuel pump (not shown), and is conducted 
to fuel supply pipe 26 via the external fuel supply pipe 
(not shown) and the coupling device 29. The fuel con- 
ducted to fuel supply pipe 26 is ejected from nozzle 26a, 
and collides with an inner surface of the side wall 25a of 
cup-shaped member 25 which is rotating together with 



the drive shaft 32 of fan motor 30. As a result, a film of 
fuel having an even thin thickness is formed at the inner 
surface of the side wall 25a of the cup-shaped member 
25. The f Dm of fuel is gradually moved forwardly, and then 

s is separated from the side wall 25a of cup-shaped mem- 
ber 25 due the centrifugal force acting on the cup-shaped 
member 25. When the film of fuel is separated from cup- 
shaped member 25, the fuel is scattered into a large 
number of small droplets in the hollow space of third 

10 cylindrical member 27. The small droplets of the fuel are 
sufficiently suspended in the air in the inner hollow space 
of third cylindrical member 27 by virtue of the rotation of 
second fan 34. Then, the fuel begins to burn in the inner 
hollow space of third cylindrical member 27 by virtue of 

15 operation of an igniter (not shown). 

As indicated by single dot-dash lines in Figure 5, the 
combustion gas produced by burning the fuel moves into 
an inner hollow space of fourth cylindrical member 40. 
The combustion gas in the inner hollow space of fourth 

20 cylindrical member 40 further moves into the axial pas- 
sages 52b defined between the adjacent projections 52a 
of the inner annular cylindrical member 52 of heat 
exchanger 50, and then moves forwardly. 

On the other hand, as indicated by double dot-dash 

25 lines in Figure 5, the heat medium is conducted into cylin- 
drical hollow space 57, which is defined between the first 
and second circular plate members 53 and 54, through 
the heat medium inlet port 60, and moves radially from 
the heat medium inlet port 60. Then, the heat medium 

30 moves into the annular hollow space 56 which is defined 
by the outer and inner annular cylindrical members 51 
and 52 and the annular plate member 55. The heat 
medium moved into the annular hollow space 56 moves 
forwardly, being guided by a helical groove 52d which is 

35 formed at an outer surface of the inner annular cylindrical 
member 52. 

When the combustion gas moves through the axial 
passages 52b forwardly while the heat medium moves 
through the annular hollow space 56 forwardly, a heat 

40 exchange is carried out between the combustion gas and 
the heat medium through the inner annular cylindrical 
member 52 so as to heat the heat medium. The heated 
heat medium at a front end portion of the annular hollow 
space 56 is conducted to an external heating device (not 

45 shown) via the heat medium outlet port 70. At the exter- 
nal heating device, heat of the heat medium is radiated 
to warm a space in which the heating device is disposed. 
The combustion gas moved to a front end portion of axial 
passages 52b moves circumferential ly, and is conducted 

so to the outside of the heating apparatus 10 via the com- 
bustion gas outlet port 80. 

As already discussed in the prior art, in general , soot 
is formed at an inner peripheral surface of third cylindrical 
member 27 due to an unexpected abnormal operation of 

55 the burning mechanism 220. The formation of deep soot 
at the inner peripheral surface of third cylindrical member 
27 causes an increase in flow resistance of the combus- 
tion gas flowing through third cylindrical member 27, so 
that performance of the burning mechanism 220 is 
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decreased. As a result, performance of the heating appa- 
ratus 1 0. functioning as a heat source of an air condition- 
ing system, is also decreased. 

Therefore, it is required to remove the soot from the 
inner peripheral surface of third cylindrical member 27 5 
as occasion demands. In order to carry out removal of 
soot from third cylindrical member 27, the heating appa- 
ratus 10 is partially disassembled as described in below. 

A process of partially disassembling the heating 
apparatus 10 is carried out by performing steps (2), (3) 
and (4) in the assembling process of the heat exchanger 
10 in reverse. That is, the process of partially disassem- 
bling the heating apparatus 10 is earned out in accord- 
ance with the following sequential steps (201)- (203). 

(201) Disk member 291 and cylindrical member 292 
are released from each other by disengaging their 
female and male screw threads. 

(202) Casing 210 is released from first connecting 
member 41 after taking out screws 43. 

(203) Third cylindrical member 27 is released from 
first cylindrical member 21 after taking out screws 
27c. 

After completion of step (203), removing of the soot 
from the inner peripheral surface of third cylindrical mem- 
ber 27 is easily carried out because the third cylindrical 
member 27 is handled separately. Simultaneously, the 
other component parts of the burning mechanism 220, 
such as second fan 34 can be checked. 

After this cleaning and checking, the heating appa- 
ratus 10 is reassembled by carrying out steps (201)- 
(203) in the partial disassembling process of the heat 
exchanger 10 in reverse. That is, the process of reas- 
sembling the heating apparatus 10 is carried out in 
accordance with the following sequential steps (2), (3) 
and (4). 

(2) First cylindrical member 21 is firmly and releas- 
ably secured to third cylindrical member 27 by 
screws 27c with the large diameter section 27a of 
third cylindrical member 27 fittingly disposed on an 
outer surface of the small diameter region 21b of first 
cylindrical member 21. 

(3) Then, the rear end portion of casing 210 is firmly 
and releasably connected to the larger diameter por- 
tion 41a of first connecting member 41 by screws 43 
so that the outer surface of the large diameter por- 
tion 41a of first connecting member 41 is in fitting 
contact with the inner surface of the rear end portion 
of casing 210. 

(4) Disk member 291 and cylindrical member 292 
are firmly and releasably connected to each other 
by means of engaging their female and male screw 
threads, whereby fuel supply pipe 26 is linked to the 
connecting pipe 293 via the central hole 291 a of disk 
member 291 and the hole 292b of cylindrical mem- 
ber 292. 



By means of providing heating apparatus 10 in 
accordance with the first embodiment of the present 
invention, the disadvantages discussed in the prior art 
are effectively resolved as described in detail below. 
First, since casing 2 1 0 of burner 200 is formed by a single 
integral member, even when the heating apparatus 1 0 is 
used in a situation where the heating apparatus 10 fre- 
quently receives periodic vibrations, strain on the casing 
is reduced. For example, when the heating apparatus 1 0 
is used as a heat source of an automotive air conditioning 
system, and thus is required to be installed in an auto- 
mobile engine compartment, no concentrated strain on 
the casing 210 is generated by the frequent periodic 
vibrations propagating from the automobile engine com- 
partment. As a result, no gap or hole is created at any 
portion of the casing 210. Accordingly, even if fuel is 
defectively leaked from the burning mechanism 220 in 
an ignition stage, the leakage of fuel to outside of the 
heating apparatus 10 can be effectively prevented. 

Secondly, when the heating apparatus 10 is reas- 
sembled after the completion of maintenance of the 
burning mechanism 220, such as the removal the soot 
from third cylindrical member 27, a proper rearrange- 
ment of the nozzl e 26a of fuel supply pipe 26 can be eas- 
ily and reliably carried out, because one end of the fuel 
supply pipe 26 opposite to nozzle 26a is firmly secured 
at a fixed location with respect to first cylindrical member 
21 by screws 294 through disk member 291 of the cou- 
pling device 29. As a result, when the process of reas- 
sembling the heating apparatus 100 is completed, 
nozzle 26a of the fuel supply pipe 26 can be situated at 
a proper position as shown in Figure 3. Therefore, the 
film of fuel is effectively formed at the inner surface of the 
side wall 25a of cup-shaped member 25. That is, the film 
of fuel having even thin thickness is formed at the inner 
surface of the side wall 25a of cup-shaped member 25. 
Accordingly, the fuel can be effectively burnt in the inner 
hollow space of third cylindrical member 27, so that a 
decrease in the performance of the heating apparatus 
1 00 functioning as the heat source of the air conditioning 
system is effectively prevented. 

Lastly, even though the helical groove 52d insuffi- 
ciently guides the heat medium, the heat medium flows 
from the heat medium inlet port 60 to the heat medium 
outlet port 70 via various flow paths having generally 
equal distance. The generally equal distant paths occur 
because the heat medium inlet port 60 is located at one 
peripheral portion of first circular plate member 53, and 
is angularly offset from the heat medium outlet port 70, 
which is formed at a front portion of the outer annular 
cylindrical member 51 , by 1 80° with respect to the longi- 
tudinal axis of the heat exchanger 50. 

The minimum distance of the heat medium flow path 
is measured when the heat medium flows through cylin- 
drical hollow space 57 upwardly and then flows through 
the annular hollow space 56 forwardly to outlet port 70. 
On the other hand, the maximum distance of the heat 
medium flow path is measured when the heat medium 
flows through cylindrical hollow space 57 downwardly 
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and then flows through the annular hollow space 56 for- 
wardly, and finally flows circumferential ly around a front 
end portion of annular hollow space 56 to the outlet port 
70. The minimum and maximum distances are approxi- 
mately the same because of the relative locations of the 
inlet and outlet ports 60 and 70. 

Accordingly, when the heat medium flows from the 
inlet port 60 to the outlet port 70, the heat medium blow 
paths with generally equal flow resistance are created. 
As a result, when the heat medium flows through cylin- 
drical hollow space 57 and annular hollow space 56, a 
generally even distribution of flow rate of the heat 
medium is generated. Therefore, the heat exchange 
between the heat medium and the combustion gas 
through the inner annular cylindrical member 52 is effec- 
tively carried out, so that decrease in the performance of 
the heating apparatus 1 00 functioning as the heat source 
of the air conditioning system is effectively prevented. 

Figures 9 and 10 illustrate a second embodiment of 
the present invention. In this embodiment, the smaller 
diameter portion 41b of first connecting member 41 is 
fittingly inserted into a front end portion of fourth cylin- 
drical member 40, and is fixedly connected to fourth 
cylindrical member 40 by caulking as illustrated in Figure 
10. Accordingly, a plurality of caulked portions 41 g are 
formed at an annular portion where the front end portion 
of the fourth cylindrical member 40 overlays with the 
smaller diameter portion 41 b of first connecting member 
41. 

Figure 11 illustrates a third embodiment of the 
present invention. In this embodiment, the first connect- 
ing member 41 and the fourth cylindrical member 40 are 
integrally formed by, for example, drawing. 

Furthermore, the shape of casing 21 0 of burner 200 
is not limited to cylindrical. The casing 210 may be 
formed in any other shape in accordance with change in 
use for the heating apparatus 10. For example, when the 
heating apparatus 10 is used for a heat source of an 
automotive air conditioning system, and is required to be 
installed in an engine compartment of an automobile, the 
casing 210 can be formed in, for example, a cylindroidal 
shape so as to be easily installed in a limited space of 
the automobile engine compartment. In this situation, as 
a matter of course, heat exchanger 50 which is coupled 
to the burner 200 can be also formed in a cylindroidal 
shape. 

Still furthermore, the fuel for the heating apparatus 
1 0 is not limited to kerosene. In a situation when the heat- 
ing apparatus 1 0 is used for a heat source of an automo- 
tive air conditioning system, and the automobile is driven 
by an internal-combustion engine, the liquid fuel pumped 
up from an automobile fuel tank is used for the fuel for 
the heating apparatus 1 0. Specifically, when the automo- 
bile is driven by a diesel engine, light oil is used for the 
fuel for the heating apparatus 1 0, and when the automo- 
bile is driven by a gasoline engine, the gasoline is used 
for the fuel for the heating apparatus 10. 

Moreover, in the present invention, in order to pre- 
vent defective freezing of the heat medium, which flows 



through the heat exchanger 50 for exchanging heat with 
the combustion gas, ethylene glycol water solution is 
employed as the heat medium. 

Although several preferred embodiments of the 

s present invention have been described in detail herein, 
it will be appreciated by those skilled in the art that vari- 
ous modifications may be made without materially 
departing from the novel and advantageous teachings of 
the invention. Accordingly, the embodiments disclosed 

10 herein are by way of example. It is to be understood that 
the scope of the invention is not to be limited thereby, but 
is to be determined by the claims which follow. 

Claims 

15 

1 . A heating apparatus including a heat exchanger and 
a burner, said heat exchanger comprising; 

a first casing having a first end and a second 
end opposite to said first end, 

20 a first fluid path through which a first heat 

medium flows, 

a second fluid path through which a second 
heat medium flows, 

an inlet port for conducting said first heat 

25 medium into said first fluid path from an outside of 
said heating apparatus, 

a first outlet port for conducting said first heat 
medium to the outside of said heating apparatus 
from said first fluid path, and 

30 a second outlet port for conducting said sec- 

ond heat medium to the outside of said heating 
apparatus from said second fluid path, 

said first fluid path being defined by said first 
casing and a partition member which is disposed 

35 within said first casing, said second fluid path being 
defined within said first partition member, so that 
said second fluid path is substantially surrounded by 
said first fluid path, 
said burner comprising 

40 burning means for burning fuel so that a com- 

bustion gas functioning as said second heat medium 
is produced. 

2. The heating apparatus of claim 1, wherein said 
45 burner comprises: 

a second casing having a first end and a sec- 
ond end which is opposite to said first end and faces 
said first end of said first casing, 

fuel conducting means for conducting a fuel 
so into an inner hollow space of said second casing 
from the outside of said heating apparatus, 

moving means for moving air in said second 
casing from said first end of said second casing to 
said second end of said second casing, 
55 coupling means for coupling said fuel con- 

ducting means, said moving means and said burn- 
ing means to one another, 

combustion gas conducting means for con- 
ducting the combustion gas in said second casing 
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to said second fluid path of said heat exchanger: 

said second casing being formed by a single 
integral member, and the second end of said second 
casing being releasabiy secured to the first end of 
said first casing. 

3. The heating apparatus of claim 2 wherein said first 
and/or second casings are cylindrical in shape. 

4. The heating apparatus of claim 2, said coupling 
means including a first cylindrical member having an 
annular planar portion formed at one and thereof, 
said first cylindrical member fittingly disposed within 
said second casing at a middle portion of said sec- 
ond casing; 

said air moving means including a fan motor 
which comprises a motor housing, a drive shaft con- 
nected to said fan motor and having one end extend- 
ing outwardly toward the first end of said second 
casing and another end extending toward the sec- 
ond end of said second casing, and a first fan fixedly 
connected to said one end of said drive shaft, said 
motor housing being fixedly secured to said annular 
planar portion of said first cylindrical member; 

said fuel conducting means including a pipe 
member having one end and an other end opposite 
to said one end, said pipe member fixedly secured 
to said annular planar portion of said first cylindrical 
member; 

said burning means including a cup-shaped 
member fixedly mounted about the other end portion 
of said drive shaft of said fan motor, a second fan 
fixedly connected to the other end of said drive shaft 
of said fan motor, and a nozzle formed at said one 
end of said pipe member by bending a portion of said 
pipe member in a generally right angle at said one 
and of said pipe member, said cup-shaped member 
being slightly broadened toward its opening end, 
said nozzle being disposed within said cup-shaped 
member and being adjacent to a bottom end of said 
cup-shaped member; 

said combustion gas conducting means 
including a second cylindrical member which sur- 
rounds said second fan of said fan motor and said 
cup-shaped member to create a radial air gap, one 
axial end of said second cylindrical member being 
releasabiy secured to said annular plate portion of 
said first cylindrical member. 

5. The heating apparatus of claim 4, said burner further 
comprising: 

fastening means for fixedly fastening the 
other end of said pipe member to one peripheral por- 
tion of said first cylindrical member and/or 

connecting means for releasabiy connecting 
the other end of said pipe member to one end of an 
external pipe member which conducts the fuel to 
said pipe member. 



6. The heating apparatus of one of claims 1 to 5 
wherein said first casing of the heat exchanger 
and/or said partition member is cup-shaped. 

s 7. The heating apparatus of one of claims 1 to 6 
wherein said partition member is arranged such that 
a generally cylindrical hollow space is created 
between a bottom end portion of said first casing and 
a bottom portion of said partition member, and such 

10 that a first annular cylindrical hollow space is created 
between a side wall of said first casing and a side 
wall of said partition member, 

said partition member preferably being 
arranged such that the longitudinal axis thereof is 

is located on the longitudinal axis of said first casing. 

8. The heating apparatus of claim 7 wherein said first 
fluid path includes said generally cylindrical hollow 
space and said first annular cylindrical hollow space. 

20 

9. The heating apparatus of one of claims 1 to 8 
wherein said heat exchanger further comprises an 
annular plate member fixedly bridged between an 
opening end of said first casing and an opening end 

25 of said partition member. 

10. The heating apparatus of one of claims 1 to 9, said 
burner further comprising a third cylindrical member 
which is disposed within said partition member, one 

30 axial end of said third cylindrical member being fix- 
edly connected to the opening end of said partition 
member, 

said third cylindrical member preferably being 
arranged such that a second annular cylindrical hol- 
35 low space is created between said third cylindrical 
member and said side wall of said partition member, 
and 

wherein said third cylindrical member prefer- 
ably being arranged such that the longitudinal axis 
40 thereof is located on the longitudinal axis of said first 
casing. 

1 1 . The heating apparatus of claim 10 wherein said sec- 
ond fluid path includes said second annular hollow 

45 space. 

1 2. The heating apparatus of claim 1 0 or 1 1 wherein the 
other axial end of said second cylindrical member is 
in fitting contact with one axial end portion of said 

so third cylindrical member. 

13. The heating apparatus of one of claims 9 to 12 
wherein said second end of said second casing is 
releasabiy secured to said opening end of said par- 

55 tition member. 

14. The heating apparatus of one of claims 1 to 13 
wherein 

said inlet port is fixedly connected to one 
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0 



peripheral region of the bottom end portion of said 
first casing and/or 

said first outlet port is fixedly connected to the 
side wall of said first casing adjacent to said first end 
of said first casing, 5 

said inlet port and said first outlet port prefer- 
ably being angularly offset from each other by about 
180° with respect to the longitudinal axis of said first 
casing. 

10 

15. The heating apparatus of one of claims 1 to 14 
wherein said second outlet port penetrates through 
the side wall of said first casing, and is fixedly con- 
nected to the side wall of said partition member adja- 
cent to said first end of said first casing. 15 

16. The heating apparatus of one of claims 1 to 15 
wherein said heating apparatus functions as a heat 
source of an air conditioning system of an automo- 
bile. 20 

17. The heating apparatus of claim 16 wherein said 
automobile is driven by a diesel engine, 

said fuel preferably being a light oil. 

25 

18. The heating apparatus of claim 16 wherein said 
automobile is driven by a gasoline engine, 

said fuel being a gasoline. 

19. The heating apparatus of one of claims 1 to 18 30 
wherein said second casing of the burner is cylin- 
droidal in shape and/or 

said first casing of the heat exchanger is 
cylindroidal in shape. 

35 

20. A heating apparatus comprising: 

a housing including a heat exchanger casing 
and a burner casing, said burner casing being 
formed as a single integral part, and means for 
r el easably connecting facing ends of said casings to ao 
one another; 

a cup-shaped heat exchanger formed within 
said heat exchanger casing, said cup-shaped heat 
exchanger including an exterior cup defined by said 
heat exchanger casing and an interior cup defined 45 
by a partition supported within and spaced inwardly 
from said exterior cup; 

a first fluid path defined between the interior 
of said exterior cup and the exterior of said interior 
cup, and a second fluid path defined within said inte- so 
rior cup; 

an inlet port for conducting a first heat 
medium to be heated into said first fluid path and a 
first outlet port for conducting the first heat medium 
from said first fluid path to the exterior of the heating 55 
apparatus; 

a second outlet port for conducting a second 
heat medium from said second fluid path to the exte- 
rior of the heating apparatus; 



a generally ring-shaped coupling device 
removably supported in said burner casing, said 
ring-said coupling device having a radial outer area 
and a radial inner area; 

a combustion area for burning fuel located 
adjacent said radial inner area of said ring-shaped 
coupling device; 

an air moving device including a fan motor 
and at least one fan connected to said coupling 
device for moving air through said burner casing, 
past said combustion area in said burner casing and 
through said second fluid path; and 

a fuel conducting conduit connected to said 
coupling device for conducting fuel from said radial 
outer area of said coupling device to said combus- 
tion area at said radially inner area of said coupling 
device; and 

a fuel connecting device extending from the 
exterior of said burner casing to said ring-shaped 
coupling device for connecting said fuel conducting 
conduit to a fuel source exterior of the heating appa- 
ratus. 

21 . The heating apparatus of claim 20 wherein said inte- 
rior and exterior cups each include a base and a lon- 
gitudinal wall extending from each respective base 
along a longitudinal axis, said inlet port being 
located adjacent the juncture of the base and the 
longitudinal wall of said exterior cup, and said first 
outlet port being located about 180° angularly 
spaced from said inlet port and adjacent an end of 
said longitudinal wall of said exterior cup spaced 
from its base, 

said base of both said interior cup and said 
exterior cup preferably being circular and said longi- 
tudinal wall of both said interior cup and said exterior 
cup cylindrical. 

22. The heating apparatus of claim 20 or 21 wherein 
said burner casing has a front end plate portion 
opposite to its facing end and extends as a single 
integral part from said facing end to said front end 
plate, said burner casing surrounding said ring- 
shaped coupling device, said combustion area and 
said air moving device, and an air inlet port being 
formed through said front end plate. 

23. The heating apparatus of one of claims 20 to 22 
wherein 

said means for releasably connecting facing 
ends of said casings includes a bracket disposed 
within said casings, said bracket preferably having a 
first portion connected to said heat exchanger cas- 
ing and a second portion overlaying an interior sur- 
face of said burner casing adjacent its facing end, 
and fasteners extending through said burner casing 
and removably attaching said bracket to said burner 
casing, 

said first portion of said bracket preferably 
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extending at a right angle to said second portion of 
said bracket, and said first portion of said bracket 
being removably attached to said heat exchanger 
casing by removable fasteners extending through 
said first portion of said bracket into a portion of said 5 
cup-shaped heat exchanger, and 

said portion of said cup-shaped heat 
exchanger including inward projections of said inte- 
rior cup, said interior cup being connected to said 
exterior cup. ro 

24. The heating apparatus of one of claims 20 to 23, 
including a securement device removably con- 
nected to said coupling device for securing a radial 
outer end of said fuel conducting conduit at a fixed is 
location relative to said coupling device, 

said securement device including a recepta- 
cle for receiving a portion of said fuel connecting 
device that extends into the interior of said burner 
casing, and 20 

said receptacle of said securement device 
being a threaded opening and said fuel connecting 
device having a threaded end for connecting to said 
threaded opening. 

25 
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